Fruits are one of the most important sources of phenolic compounds in our diet. Many of these compounds exhibit a wide range of biological activities, especially antioxidant activity. The objective of this study was to determine the composition and antioxidant activity of phenolic compounds found in fruit juice obtained from buckthorn, flowering quince, rowanberry and hawthorn. Hydroxycinnamic acids (neochlorogenic and chlorogenic acid) and procyanidins were the main phenolics in rowanberry juice. The highest level of flavonols (quercetin derivatives) was found in sea buckthorn. All juices showed strong free-radical scavenging activity against ABTS •+ radicals and ferric reducing ability measured by the FRAP method. The strongest antioxidant activity was found in rowanberry juice, but the lowest was measured in hawthorn and sea buckthorn juices.
Interest in fruit composition has intensified because of increased awareness of the possible health benefits of some of their micronutrients [1] . Fruits, wild and domestic, are rich in antioxidants that lower the incidence of degenerative diseases such as cancer, arthritis, arteriosclerosis, heart disease, inflammation and others [2, 3] . Recent work demonstrates that, apart from being rich in vitamins and provitamins (L-ascorbic acid, tocopherols, and carotenoids), fruits are also one of the most important sources of phenolic compounds in our diet. Phenolic acids including coumaric acid, caffeic acid, and derivatives such as chlorogenic acid are potentially the cause of these beneficial effects. The main interest in flavonoids is concentrated around anthocyanins, flavan-3-ols, and their polymeric condensation products, flavanones, flavonols, and flavones.
Apart from fruits and berries, juices, due to their health protective phytochemicals, are also suitable food products to be consumed on a daily basis in order to reduce the risk of chronic diseases [4, 5] . Bioactive components may even be absorbed better from juices than from plant tissues, as has already been demonstrated for ascorbic acid. It is also likely that, beside ascorbic acid and anthocyanidins, other polyphenolic compounds present in juice may contribute to the in vivo effects observed after juice consumption [6] . Some authors have affirmed that processing of food products can increase the flavonol level in foods. The accumulation of quercetin in processed foods is a consequence of enzymatic hydrolysis of quercetin conjugates during pasteurization or other technological processes [7] . Fruit juice processing can increase the flavonoid content because of extraction processes which release flavonoids from the rind [8] , and these flavonoids might be absorbed better than those from fresh fruits. Therefore, fruit juices could be very suitable ingredients for the production of functional foods.
Fruits are a traditional part of the diet in all European countries, and have become more important due to new marketable fruit juices. Therefore, the main objective of this work was to evaluate selected fruit juices obtained from sea buckthorn, flowering quince, rowanberry, and hawthorn and in particular their antioxidant capacity, polyphenol content and their potential bioavailability. The phenolic content of selected juices was evaluated by an HPLC method and are presented in Table 1 . The HPLC analyses allowed the quantification of different phenolic compound groups such as anthocyanins, flavonols, hydroxycinnamic acids, and flavan-3-ols.
Rowanberry juices were richer in phenolic compounds: (hydroxycinnamic acids and flavan-3ols) than flavonols. The hydroxycinnamic acids of rowanberry juices consisted mainly of chlorogenic and neochlorogenic acid (656.1 and 500.4 mg/100 mL of juice, respectively). The concentrations of these compounds were higher than those generally found in other berries or vegetables [9] . The positive health effects of these fruits are already known; therefore rowanberry juice could be used in the diet in a considerable proportion [10] .
There is some evidence indicating that chlorogenic acid interferes with glucose transport by inhibiting glucose-6-phosphatase translocase [11] and lowers cholesterol and triacylglycerol levels in the plasma of obese rats [12] . We quantified the amount of phenolic compounds in the studied rowanberry juice ( Table 1) to assess its dietary benefit. The total flavonol content was 291 mg/100 mL, corresponding to 70 mg per serving (one serving is estimated as 240 mL of juice according to FDA) [13] . Quercetin-3-O-galactoside and 3-O-glucoside were present in the highest concentration (78% of the total flavonol content). Derivatives of quercetin contributed slightly more to the total flavonol content than kaempferol (Table 1 ). In 1996, the quercetin, kaempferol, and flavonoid intake in Denmark were 12.4, 2.4, and 26 mg day-1, respectively [14] . Only one serving of rowanberry juice provides appropriate amounts of 34 mg quercetin and 2 mg of kaempferol. Therefore, the consumption of this type of juice could be recommended to increase the intake of antioxidative species. The anthocyanin fraction in sweet rowanberry consisted mainly of three compounds, which were identified earlier as cyanidin-3-Ogalactoside, -glucoside, and -arabinoside [15] . However, in this study only cyanidin-3-O-glucoside (20.3 mg/100 mL) was found. Many types of anthocyanin present in rowanberry hybrids can be easily explained because the same cyanidin glycosides have been found in the crossing partners (chokeberry, hawthorn), elevating the anthocyanin levels naturally found in wild rowanberry. The concentrations of (-)-epicatechin and (+)-catechin in rowanberry juices were almost equal (18.9 mg/100 mL and 15.7 mg/100 mL, respectively).
Phenolic composition of flowering quince juice, to our knowledge, has not been studied earlier. It was observed that this juice, apart from rowanberry juice, had the highest amount of hydroxycinnamic acids, especially chlorogenic acid (274.1 mg/100 mL) among the investigated juices.
Flowering quince juice was characterized by the highest content of flavan-3-ols, especially (-)-epicatechin (691.5 mg/100 mL) rather than (+)-catechin (33.7 mg/100 mL). Strek et al. [16] also obtained very similar results as achieved in the present study but additionally demonstrated that fruit of flowering quince was very rich in procyanidin oligomers, from trimer to hexamer. The flavonols of flowering quince juice consisted mainly of quercetin-3-O-galactoside (34.9 mg), quercetin-3-O-rutinoside (4.4 mg), kaempferol-3-O-glucoside (6.3 mg) and trace of isoquercitin (0.5 mg/100 mL of juice anthocyanins derivatives were detected in this juice. Flowering quince juice could be an useful ingredient in natural due to its high acidity (2.6-5.6%) and transparent nature [17] . Another property of great interest is antioxidant activity, due to the high content of vitamin C and phenolic compounds. There is a great interest in the use of flowering quince juice in the food industry as an acidifying agent with antioxidant properties. Wojdyło et al. [18] used this fruit to supplement strawberry jam and observed beneficial effects on the protection of phenolic compounds during preparation and storage.
Sea buckthorn fruits are an excellent source of phytochemicals such as ascorbic acid (500-14 000 mg/kg), tocopherols (50-130 mg/kg), unsaturated fatty acids, organic acids, phytosterol, and carotenoids (150-430 mg/kg) [19] . A number of these compounds have been extensively studied [19, 20] , but there is still little information on their polyphenol content.
The total content of phenolics in sea buckthorn juice was ca. 795 mg/100 mL. Sea buckthorn juice was the richest in flavonols (quercetin-3-O-rutinoside, -glucoside, and -rhamnoside), and flavan-3-ols ((+)-catechin and (-)-epicatechin) but only trace amounts of hydroxcinnamic acid were quantified. The high amount of carotene is responsible for the yellow color of these juices because the quantity of anthocyanins in these juices was very low. (+)-Catechin was the major flavan-3-ol in sea buckthorn juice, which was consistent with the result obtained by Rösch et al. [20] . However, HPLC analysis suggested that the predominating subunits of sea buckthorn proanthocyanidins are gallocatechins (data not shown). Further work will be required to identify these compounds.
Flavan-3-ols were the dominant compounds in hawthorn juice, but other phenolic compounds were also present in smaller amounts. The average concentration of all of these compounds in the juice was 531,1 mg/100 mL, and the content of (-)-epicatechin was higher than procyanidins B2. The calculated sum of flavonoids was about 33.2 mg/100 g; moreover, the major flavonoids found in hawthorn juice were quercetin-3-O-galactoside and glucoside. The average content of hydroxycinnamic acids was 428.8 mg/100 mL, but it was also found that the content of neochlorogenic acid was higher than p-coumaric and chlorogenic acid (Table 1) . Cui et al. [21] showed that hawthorn fruit has much higher antioxidant properties than other popular fruits strawberries, grapes, red raspberries). These fruits have been used in traditional Chinese medicine and European herbal medicine for a long time and are still widely consumed as food, in the form of juices, drinks, jams, and canned fruits.
Antioxidant activity:
In order to assess the potential antioxidant activity of the studied fruit juices, two in vitro antioxidant assays were carried out. All juices showed a strong free-radical scavenging activity against FRAP and ABTS radicals (Table 2) .
However, this activity was different depending on the method used and the radical models. These assays demonstrated that juices which are the richest in phenolic content (rowanberry and flowering quince) were those showing the highest values in free-radical scavenging activity against FRAP and ABTS radicals ( Table 2 ). The FRAP values ranged from 2.1 to 0.3 mM/100 mL of juice and the ABTS radical scavenging activity from 6.4 to 1.8 mM/100 mL of juice. This study clearly demonstrated that the investigated juice, which possessed high content of total polyphenols, especially flavan-3-ol, and a high content of phenolic acid, had the highest antioxidant activity ( Table 1) .
Tsao et al. [22] indicate that the antioxidant activity (measured by FRAP method) of five polyphenolic groups of apple were in the following order: cyanidin-3-O-galactoside > procyanidins > quercetin glycosides > chlorogenic acid > phloridzin. According to these results it can be suggested that the antioxidant properties of the investigated juices resulted from the content of procyanidins, quercetin glycosides, and chlorogenic acid derivatives. The concentrations of total phenolics were found to correlate with the antioxidant capacities in fruits. However, different types of phenolic compounds may contribute differently to total antioxidant capacity of given juices. The best linear relationship was observed between ABTS and total phenolic compounds (R 2 = 0.945) followed by FRAP and total polyphenols (R 2 =0.899).
Conclusion:
All investigated fruits are a significant source of phenolic compounds and had high antioxidant capacity. The present study indicated that the rowanberry is an extremely rich source of phenolic compounds, especially chlorogenic and neochlorogenic acid, and antioxidants. Also, its potential use in juice production or as a source of food additive was demonstrated. Moreover, the results confirmed that other juices are complementary sources of specific phenolics with marked biological activity.
Experimental
Chemicals: TPTZ -2,4,6-Tri(2-pyridyl)-s-triazine; ABTS -2,2'azinobis-(3-ethylbenzthiazoline-6sulphonic acid; Trolox (6-hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid), potassium persulfate, (-)-epicatechin, (+)-catechin, acetic acid, benzyl mercaptan (toluene α-thiol), and methanol were purchased from Sigma -Aldrich (Steinheim, Germany). Chlorogenic acid, elagic acid, p-coumaric acid, quercetin, kaempferol, cyanidin-3-O-glucoside were purchased from Extrasynthese (Lyon Nord, France). The fruits were crushed and heated at 80 o C for 5 min with the use of Thermomix (Vorwerk, Germany). After cooling, the pulp was depectinized at 50 o C for 1 h by treating with enzyme as follows. To sea buckthorn, rowanberry and hawthorn and to flowering quince 0.5 mL of Pectinex Yield Mash (Begerow, Germany) per kg was added. Pulp was pressed under a final pressure of 300 kPa for 3 min in a laboratory hydraulic press (Type Zoodiak). The juices were heated in Thermomix to 90 o C for 5 min, 0.2 L glass jars were hot filled and immediately inverted for 10 min to sterilize the lids, and then cooled to 20 o C. All processing procedures were replicated.
Plant materials and juices preparation:
High-performance liquid chromatography analysis of polyphenols: The analysis of anthocyanins, flavan-3-ols, phenolic acids and flavonol glycosides was carried out with a L-7455 liquid chromatography instrument with a diode array detector and an L-7100 quaternary pump equipped with a D-7000 HSM multisolvent delivery system (Merck-Hitachi, Tokyo, Japan). Separation was performed in a Phenomenex (Torrance, CA, USA) Synergi Fusion RP-80A column (250mm × 4.6mm, 4μm); the oven temperature was set at 30 o C. The mobile phase was composed of solvent A (45 mL formic acid and 955 mL water) and solvent B (acetonitrile). The program began with a linear gradient from 0 to 25% B in 36 min, followed by washing and reconditioning of the column. The flow rate was 1 mL/min and the runs were monitored at wavelengths of 280 nm (flavan-3-ols), 320 nm (hydroxycinnamates), 360 nm (flavonol), and 520 nm (anthocyanins). Photodiode array spectra were measured over the wavelength range 200-600 nm in steps of 2 nm. Retention times and spectra were compared with those of pure standards within that range. Calibration curves were constructed with (+)catechin, p-coumaric acid, ellagic acid, isoquercitin and pelargonidin-3-O-glucoside as standards (Extrasynthese, France).
Antioxidant activity: ABTS •+ radical scavenging spectrophotometric assay. The free-radical scavenging activity was determined by ABTS radical cation decolorization assay according to the method of Re et al. [23] . The ABTS was dissolved in water to a 7 mM concentration. The ABTS radical cation (ABTS •+ ) was produced by reacting ABTS stock solution with 2.45 mM potassium persulfate (final concentration). Next the mixture was left to stand in the dark at room temperature (20±2°C) for 12-16 h before the use. The radical was stable in this form for more than 2 days. Before analysis the ABTS •+ solution was diluted with twice-distilled water to an absorbance of 0.700 (±0.02) at 734 nm. Aliquots of 30 μL of sample extract supernatant were added to 3.0 mL of diluted ABTS •+ solution (A734 nm = 0.700 (±0.02)) and the absorbance was read exactly 6 min after initial mixing. All determinations were performed in triplicate. A standard curve was prepared using different concentrations of Trolox. The results of the assay were expressed as TEAC (Trolox equivalent antioxidant capacity).
Ferric reducing/antioxidant power (FRAP) assay:
The total antioxidant power of extracts was determined using the ferric reducing ability of plasma (FRAP) assay by Benzie et al. [24] . Briefly, the FRAP reagent was prepared by mixing acetate buffer (300 μM, pH 3.6), a solution of 10 μM TPTZ in 40 μM HCl, and 20 μM FeCl 3 at 10:1:1 (v/v/v). The FRAP reagent (300 μL) and sample extracts (10 μL) were added to each well and mixed thoroughly. The absorbance was taken at 593 nm after 10 min. A standard curve was prepared using different concentrations of Trolox. All solutions were used on the day of preparation. All determinations were performed in triplicates. The results were corrected for dilution and expressed in mM Trolox/100 mL.
Statistical analyses: Statistical analysis was conducted using Statistica version 6.0 (StatSoft Poland). Significant differences (P≤0.05) between average responses were evaluated by using one-way ANOVA with Duncan test.
